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Description 

The present invention relates to protein chemistry and osteoplasty. More particularly, it relates to a 
partially purified proteinaceous factor that promotes rapid bone growth. 
5 It has been established that bone contains materials which can stimulate the formation of new bone 
when placed in contact with living systems. (Urist, M. R.. Clip Orthop (1968) 56:37; Science (1965) 150:893; 
Reddi, A. H., et al, Proc Nad Acad Sci (USA) (1972) 69:1601 .) Attempts have been made to purify whatever 
factors are responsible for this activity. A "bone morphogenic protein" (BMP) was extracted from de- 
mineralized bone using urea or guanidine hydrochloride and reprecipttated according to the disclosures in 
10 U.S. Patent Nos. 4.294,753 and 4.455.256 to Urist. Urist subsequently reported (Urist, M. R., Clin Orthop Rel 
Res (1982) 162:219) that Ion exchange purification of this crude protein mixture yielded anactivity which 
was unadsorbed to carboxymethyl cellulose (CMC) at pH 4.8. Urist's most recent reports (Science (1983) 
220:680-685 and Proc Natl Acad Science (USA) (1984) 81^:371-375) describe BMPs having molecular 
weights of 17,500 and 18.500 daltons. 
15 U.S. 4.434,094 reported the partial purification of what Is evidently a bone generation-stimulating, bone- 
derived protein by extraction with chaotropic agents, fractionation on anion and cation exchange columns, 
and recovery of the activity from a fraction adsorbed to CMC at pH 4.8. This new protein fraction was 
tennned "osteogenic factor" (OF) and was characterized as having a molecular weight below about 30,000 
daltons and as tracking the purification process described. Two proteins were purified to homogeneity from 
20 this protein. Those two proteins eluted from CMC resin at about a 150-200 mM NaCI gradient and have 
molecular weights of about 26,000 daltons. These proteins are described in our EP-A-0169016. While these 
proteins are t)e!ieved to be involved in osteogenesis, they exhibit no osteogenic activity by themselves. 

The present application concerns a factor present in the above disclosed CMC-bound fraction that 
elutes from the resin in the portion of the NaCI gradient below about 150 mM and which according to the 
25 invention is found to be an osteogenic factor. 

The partially purified bone-inducing factor is obtainable by: 

(a) extracting deriiineralized bone with a chaotropic (dissociative) extractant that solubilizes nonfibrous 
proteins; 

(b) subjecting the extract from step (a) to gel filtration to recover a fraction containing proteins of 
30 molecular weight 10,000-30,000 daltons; 

(c) adsorbing the fraction from step (b) onto a cari^oxymetiiyl cellulose cation exchanger at approxi- 
mately pH 4.5-5.5; and 

(d) eluting an active protein fraction from tiie cation exchanger with a sodium chloride gradient 
characterized in tiiat tills active fraction is eluted in ttie portion of tiie gradient from about 10 mM to 

35 about 150 mM and In the presence of a nonionic chaotropic agent 

The invention lies in the identification of this factor for use as an agent for replacing, repairing or 
augmenting mammalian bone tissue. 

An osteogenic implant material has as Its active ingredient tiie above-described partially purified bone- 
inducing factor. 
40 In the drawings: 

Rgure 1 Is a graph of the optical densities (absorbances) (280 nm) of the gel filtration fractions of section 
C of the example; 

Rgure 2 Is a graph of the optical densities (280 nm) of eluate fractions from tfie preparative Ion 
exchange chromatography of section D of the example; 
45 Rgures 3(a) and 3(b) are graphs showing the specific chondrogenic activity as determined per section F 
of the example of certain proteins described In tiie example; 

Rgure 4 is a schematic diagram outlining the reconstitution procedure described in section G of the 
example, and 

Rgure 5 is a table ttiat provides details of tiie reconstituted samples described in section G and their 

50 specific chondrogenic activity as determined by the assay of section F. 

The native sources of the bone-Inducing factor of tiie claimed Invention are bone, dentin, osterosar- 
comas or chondrosarcomas. In view of the showing tiiat bone Inductive proteins from human, monkey, 
bovine and rat are nonspecies specific in their ability to produce endochondral bone in xenogeneic implants 
(Sampath, T. K., et al. Proc Natl Acad Sci (USA) (1983) 80:6591) it is bell ved tiiat tiie factor of ih claimed 

55 invention has been highly conserved among mammalian speci s (i.e., factors from different mammalian 
species will hav substantially homologous amino acid sequences tiiat vary, if at ail. In one or more amino 
acid residue additions, deletions, or substitutions that do not affect tiie nonspecl s specific bone inducing 
activity of the molecule adversely). In this regard ttie tenms "substantially equival nt" and "substantially 
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homologous'* as used herein ar intended to mean factors regardless of species, that have the same amino 
acid composition or sequence, as the case may be, of the factor described in the example and factors of 
similar but different amino acid composition or sequence, which difference(s) do s not affect nonsp ci s 
specific endochondral bone-inducing activity adv rsely. Accordingly, such factors may be derived from cells 

5 or tissue of diverse mammalian origin. The source of factor prepared by purification from native sources is 
advantageously porcine or bovine long bone because of its ready availability. 

A variety of initial preparation procedures are possible, but basically tiie bone Is first cleaned using 
mechanical or abrasive techniques, fragmented, and furtiier washed wrtii, for example, dilute aqueous acid 
preferably at low temperature, and tiien defatted by extraction with a lipophilic solvent such as etfier or ethyl 

70 acetate. The bone is then demineralized by removal of the calcium phosphates in tiieir various fonms. 
usually by extraction with stronger acid. These techniques are understood in the art, and are disclosed, for 
example, in U.S. 4,434,094. The resulting preparation, a demineralized bone, is ttie starting material for tfie 
preparation of the claimed osteogenic factor. 

The initial extraction is designed to remove the nonfibrous (e.g.. noncollagenous) proteins from tiie 

75 demineralized bone. This can be done witfi the use of chaotropic agents such as guanldine hydrochloride 
(at least about 4 molar), urea (8 molar) plus salt, or sodium dodecylsulfate (at least about 1% by volume) or 
such other chaotropic agents as are known in tfie art (Termine, et al. J Biol Chem (1980) 255:9760-9772; 
and Saiera and Hascall. J Biol Chem (1959) 244:77-87 and 2384-2396). The extraction is preferably canied 
out at reduced temperatures in the presence of a protease inhibitor to reduce the likelihood of digestion or 

20 denaturation of the extracted protein. Examples of protease inhibitors that may be Included are phenyl- 
methylsulfonylfluoride (PMSF) sodium azide, N-ethyl maieimide (NEM), benzamidine, and 6-amino hexanoic 
acid. The pH of the medium depends upon tiie extractant selected. The process of extraction generally 
takes on the order of about 4 hr to 1 day. 

After extraction, the extractant may be removed by suitable means such as dialysis against water, 

25 preceded by concentration by ultrafiltration if desired. Salts can also be removed by controlled elec- 
trophoresis, or by molecular sieving, or by any other means known in the art. It is also prefenred to maintain 
a low temperature during this process so as to minimize denaturation of the proteins. Alternatively, the : 
extractant chaotropic agent need not be removed, but rather the solution need only be concentrated, for 
example, by ultrafiltration. 

30 The extract, dissolved or redissolved in chaotropic agent, is subjected to gel filtration to obtain fractions 
of molecular weight below about 30,000 daltons, tiius resulting in a major enhancement of purity. Gel sizing 
is done using standard techniques, preferably on a Sephacryl column at room (10* C-25' C) temperature. 

The low molecular weight fraction is tiien subjected to ion exchange chromatography using CIVIC at 
approximately pH 4.5-5.2, preferably about 4.8, in tiie presence of a nonionic chaotropic agent such as 6 M 

35 urea Other cation exchangers may be used, including those derived from polyacrylamide and cross-linked 
dextran; however cellulosic cation exchangers are preferred. Of course, as in any ion exchange procedure, 
the solution must be freed of competing ions before application to the column. The factor is adsorbed on 
the column and is eluted in an Increasing salt concentration gradient in the range of about 10 mM to about 
150 mM. 

40 The 10 mM-150 mM NaCI fraction from tiie cation exchange column may be subjected to RP-HPLC or 
nondenaturing gel electrophoresis for furtiier purification. 

The presence of the factor in the 10 mM-150 mM NaCI fraction is confinnned using an in vivo bone- 
induction assay described in detail below. 

45 Example 

The following example is Intended to illustrate the process for purification as applied to a particular 
sample. It is not intended to limit the invention. 

50 A. Preparation of Demineralized Bone 

Fresh bovine metatarsal bone was obtained fresh from the slaughtertiouse and transported on dry ice. 
The bones were cleaned of marrow and non-bone tissues, broken in fragments smaller than 1 cm diameter, 
and pulverized in a mill at 4* C. The pulverized bone was washed twice with 9.4 liters of double distilled 
55 water per kg of bon for about 15 min each, and tiien washed overnight in 0.01 N HCl at 4*C. Washed 
bone was defatted using 3X3 volumes ethanol, followed by 3 X 3 volumes diethylether, each washed for 
20 min. and all at room temperature. The resulting defatted bone powder was th n demineralized in 0.5 N 
HCl (25 I/kg defatted bon ) at 4*C. The acid was d canted and tii resulting DMB washed until the wash 
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pH was greater than 4, and the DMB dried on a suction filter. 

B. Extraction of NoncoHagenous Prot ins 

5 The DIVIB as prepared in section A was extracted with 3.3 I of 4 M guanidine-HCI. 10 mM 
ethylenediaminetetraacetic acid (EDTA), pH 6.8, 1 mM PMSF, 10 mM NEIVI per kg for 16 hr. the suspension 
suction filtered and the nonsoluble material extracted again for 4 hr. The soluble fractions were combined 
and concentrated at least 5-foId by ultrafiltration using ah Amicon uitrafiltration (10K) unit, and the 
concentrate dialyzed against 6 changes of 35 volumes cold deionized water over a period of 4 days, and 

70 then lyophilized. All of the procedures of this paragraph were conducted at 4* C except the lyophilization 
which was conducted under standard lyophilization conditions. 

C. Gel RItration 

75 The extract from section B, redissolved in 4 M guanidine-HCI, was fractionated on a Sephacryl S-200 
column equilibrated in 4 M guanidine-HCI, 0.02% sodium azide. 10 mM EDTA, pH 6.8. Fractions were 
assayed by tiieir absort)ance at 280 nm and the fractions were combined as shown in Rgure 1. Fraction F2 
of Rgure 1, constituting a low molecular weight (LMW, 10.000-30.000 daltons) protein fraction possessing 
the greatest activity was dialyzed against 6 changes of 180 volumes of deionized water and lyophilized. All 

20 operations except lyophilization and dialysis (4* C) were conducted at room temperature. 

D. Ion Exchange Chromatography 

Fraction F2 from section C was dissolved in 6 M urea, 10 mM NaCI, 1 mM NEM. 50 mM sodium 
25 acetate, pH 4.8 and centrifuged at 10.000 rpm for 5 min. The supernatant was fractionated on a CM52 (a 
commerdaily available CMC) column equilibrated in the same buffer. Bound proteins were eluted from the 
column using a 10 mM to 400 mM NaCI gradient in the same buffer, and a total volume of 350 ml at a flow 
rate of 27 ml/hr. Three major fractions, designated CM-1. CM-2 and CM-3, were collected as shown in 
Rgure 2. Each fraction was dialyzed against 6 changes of 110 volumes of deionized water for 4 days and 
30 lyophilized. All of the foregoing operations were conducted at room temperature except dialysis (4* C). 

E. RP-HPLC 

The lyophilized fractions CM-2 and CM-3 from section D were each dissolved in 0.1% trifluoroacetic 
35 add (TFA) and aliquots of the solution loaded onto a Vydac CI 8 RP-HPLC column (4.6 mm ID X 25 cm) 
and washed with 0.1% TFA for 5 min at 1 ml/min. The eluting solvent was a 0%-60% acetonitrile gradient in 
0.1% TFA at a rate of 2%/min. Two peaics were obtained-peak A at about 29.5 min and peak B at about 
31.3 min. 

40 F. Assay for Chondrogenic Activity 

The presence of the desired proteins in the fractions during purification was confirmed using an in vitro 
assay for the production of proteoglycans (PG). ttie Identity of which was confirmed by enzyme^nked 
immunosorbent assay (EUSA). The assay is an agarose gel culture model using leg muscle cells isolated 

45 from rat fetuses. It assesses the ability of the samples to induce the production of cartilage specific PGs. 
The conrelation between in vitro cartilage induction and in vivo bone formation has been shown by Seyedin, 
S., et al, J Cell Biol (198379^50-1953. 

The cell culture was prepared by removing muscle tissue aseptically from the upper limbs of nineteen- 
day-old Sprague Dawley rat fetuses, mincing tiie tissue, and culturing it in Eagle's Minimum Essential 

50 Medium (MEM) witii 10% fetal bovine serum (FBS) and 50 units penicilijn. 50 g streptomycin per ml. 
Cellular outgrowth usually reached confluency within one week, whereupon cells were trypsinized. split 1:2 
and used for experimentation within the first three passages. 

The cells were plac d in agarose gel cultures eitiier with control medium or with samples to be tested. 
The procedure was basically that of Benya, et al. Cell (1982) 30:215. Briefly, the cell monolayers were 

55 harvested by trypsinlzation. counted on a hemocytometer, andTesusp nd d at two times the final cell 
concentration in th medium witii or without the protein fraction to b tested. Th control medium was either 
Hams F12. Dulbecco's Minimum Essential Medium (DMEM) or CMRL 1066 (Gibco) each containing 10% 
FBS and antibiotics. The t st prot in fractions in 0.01 N HCl w re diluted directly to the desired 
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concentration of test protein diluted with an equal volume witii 1% low melting agarose (Bio-Rad, #162- 
0017) In F-12, and 0.2 ml of the dilution was plated on 17 mm wells coat d with 0.15 ml of 1% high melting 
(Bio-Rad, #162-0100) agarose. The resulting cultures were incubated at 37* C for 5 min, chilled at 4* C for 
10 min. and then overlayed with 1 ml of the conresponding medium (control or test protein). The cells were 
5 then cultured in a humidified atmosphere of 5% CO2, 95% air and fed every 3-4 days thereafter by a 
complete change with control medium. After 7 days the cultures were frozen and stored at -80'C before 
assay. 

The cultures were assayed by thawing at 4*C, homogenizing in 4 M guanldine-HCI with 50 mM Na 
acetate. 13 mM EDTA, 6 mM NEM. and 3 mM PMSF at pH 5.8. and extracting by shaking overnight at 
70 4* C. The supernatant fraction from centrifugation at 25,000 X g for 40 min at 4* C was dialyzed overnight at 
4* C against 50 volumes 0.2 M NaCI. 50 mM Tris, pH 7.4. The supernatant was assayed for proteoglycans 
by ELISA as described by Renard, et al, Anal Biochem (1980) 104:205, and in U.S. 4,434,094. 

Briefly, for the ELISA, antiserum to cartilage PGs was raisedTn rabbits using standard techniques which 
showed no cross-reactivity with hyaluronic acid or PGs extracted from rat bone. Purified proteoglycan 
75 (Seyedin, S., et al, supra) from Swarm rat chondrosarcoma tissue was used as standard antigen. The 
dialyzed samples were diluted 1:1 (v/v) in phosphate-buffered saline (PBS) with 0.05% Tween 20. 1 mg/ml 
bovine serum albumin (BSA), pH 7.2 for assay, horseradish peroxidase conjugated goat anti-rabbit IgG 
(Tago) was the second antibody with o-phenylenedlamine as substrate. 

The results of the ELISA of the three CM-bound fractions from section D (designated CMC-B-1, CMC-B- 
20 2. and CMC-B-3) and the protein of peak A (designated CIF-A) from section E are shown in Rgures 3(a) 
and 3(b). 

G. Reconstitution Procedure 

25 For reconstitution, the proteins prepared in the above described manner were combined with a 9:1 
weight ratio mixture of bone collagen powder (BCP, lyophilized solids from section C) and collagen in 
solution (CIS. available commercially from Collagen Corporation, Palo Alto, California under the trademark 
ZYGEN®) containing 10% native soluble bovine skin collagen by weight in ratios according to their In vitro 
chondrogenic activities. The procedure is depicted schematically in Rgure 4 and details of the compositions 

30 of the reconstituted (R) materials are reported In the Table shown in Rgure 5, According to this method all 
the reconstituted samples contained approximately an equal number of units of chondrogenic activity (about 
1000 units/100 mg R-DBP). Only for CIF-A the dosage was doubled and CMC-B-1 was reconstituted in two 
different dosages. The protein content of CMC-B-1 was determined by Biuret assay and the one of all tiie 
other samples was measured by Integration of the HPLC peaks compared to the peak area of a known 

35 bovine semm albumin standard at 220 nm. In case of pure CIF-A and CIF-B the HPLC fractions were 
directly added to the CIS solution before mixing witit BCP. Also, a control sample consisting of tiie BCP/CIS 
can'ier wais prepared under the same conditions. 

H. Bioassay System 

40 

The osteoinductive abilities of samples were assayed by their ability to induce endochondral bone 
formation in the subcutaneous tissue of young male Sprague-Dawley rats. The samples were wetted with 
two volumes of sterile double distilled water (v/w), thoroughly mixed, packed in a 1 cc syringe, cut and 
weighed. All the samples were implanted on tiie ventral tiioracic region, one on each side of the animal. 
45 Explants were removed after 14 and 28 days and evaluated biochemically and histologically. 

I. Histology Studies 

Explants which had been removed after 14 and 28 days were subjected to histological assessment by 
60 fixing in 10% neutral formalin for 26 hr, and then processing for paraffin eml>edding. Four-six micron 
sections were taken from the imbedded tissues and were subsequently stained with either hematoxylin- 
eosin (general cytology), wrtii safronln-O (proteoglycans) and Gomori trichrome (collagen). 

J. Biochemical Assays 

The 14 day explants were split in half, the wet weight determined and frozen at -80 'C till processed. 
Th samples wer first extracted and assayed for alkaline phosphatas activity and subsequentiy extracted 
and assayed for cartilage-specific proteoglycans. The right side 28 day explants were extracted and 
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assayed first for alkaline phosphatase and then for calcium. The extraction and assay procedures are 
described below. 

J.1. Proteoglycan Assay 

5 

Cartilage proteoglycan was^ assayed by an ELISA technique. The explants were weighed immediately 
after removal and frozen at -70* C until extraction. For the extraction, the explants were cut into slices, and 
homogenized in ice cold extraction buffer in a Tekmar Tissuemlzer for two 30 sec bursts at maximum 
setting, Tlie extraction buffer was 6 M guanidine hydrochloride, 75 mM sodium acetate or 4 M guanidine 

70 hydrochloride, 50 mM acetate both containing 20 mM EDTA, 1 mM PMSF and 10 mM NEM at pH 5.8. 
Buffer was used in a 10:1 volume to the weight of the expiant extracted, and the samples were incubated 
overnight (20 hr) at 4*C. The sampjes were then centrifuged at 12,000 rpm for 1 hr at 4'C, and the 
supematants dialyzed overnight at 4* C against 50 volumes of 50 mM Tris. 200 mM NaCI, pH 7.4. The 
dialyzate was subjected to EUSA perfonned as described by Renard. et al, Arch Blochem Biophys (1980) 

IS 207:399 and by Seyedin, S., et al, J Cell Biol (1983) 97:1950 using poiyityrene microplates (Row 
Laboratories, McClean, Virginia). The antisera and the proteoglycan standard were prepared from Swarm rat 
chondrosarcoma tissue as described by Seyedin, S., et al. (supra). Horseradish peroxidase conjugated goat 
anti-rabbit IgG was used as the second antibody, samples were assayed in different solutions in PBS, 
0.05% Tween 20, 1 mg/ml BSA and quantitated by use of the inhibition EUSA described by Shuures, et al, 

20 Clin Chem (1 977) 81 :1 . 

J.2. Extractabie Calcium 

The formation of bone was also assessed by determination of calcium. The explants were cut in small 
25 pieces and suspended in 1:10 (m/v) of 0.5 N HCI to dissolve the ions. The samples were incubated for 
another 5 days at room temperature and centrifuged at 12.000 rpm for 40 min. The calcium concentration of 
the supernatant was detennlned by atomic adsorption (Trace Analysis Laboratory. Hayward, California). 

J.3. Analysis for Alkaline Phosphatase 

30 

To detenmine alkaline phosphatase (AP), tiie explants were cut in small pieces and homogenized in 10 
volumes (1/10) of ice cold 1.5 M NaCl, 3 mM NaHCOa. pH 7.5. The homogenized samples were then 
centrifuged at 12,000 rpm for 50 min at 4* C, and an aliquot of tiie supernatant diluted 1:10 in cold distilled 
water. The mettiod of Huggins, et al, J Exp Med (1961) 114:761 was used to assess alkaline phosphatase 
35 using polystyrene plates. 

K. Results of Histology Studies and Biochemical Assays 

Partial results are summarized In the table below. 

40 



45 



50 



55 
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SUMMARY: HISTOLOGY AND ALKALINE PHOSPHATASE ACTIVITY 
BCP/CIS COMBINED WITH CMC -FRACTIONS 



Group 



Cartilage Bone 



AP Units/ 
q w. Tissue (Explants 



1 



10 



15 



R-CMC-B 
(149:1) 

R-CMC-B-1 
(62:1) 

BCP/CIS 
(9:1) 



At Day 14 Post Implantation 

5+ 3+ 10,1 

2+ 4+ 11.5 

0 0 0.00 

At Day 28 Post Implantation 



R-CMC-B 3+ 4+ 11.0 

(148:1) 

2^ R-CMC-B-1 ^ 5+ 13.2 

(62:1) 

BCP/CIS 0 0 

(Carrier alone) 



25 

The above data show that CMC-B-1 proteins enhance osteoinduction relative to CMC-bound (the total 
bound fraction) as reflected by a higher rate, quantity, and quality of bone fonmation. These studies indicate 
that endochondral bone formation is affected by the purity of the bone-inducing material and the distribution 
of proteins therein. These studies further suggest that the two proteins identified in EP-A-0169016 may play 

30 roles in the differentiation of cells involved in bone fonmation and affect rate and relative amounts of 
cartilage and bone formation. 

As indicated, histological and biochemical data of the 14 and 28 days explanted materials demonstrated 
that reconstituted total CMC-bound (total proteins bound by CMC) and CMC-B-1 induced cartilage and bone 
formation in ail implants. At 14 days cartilage fonmation was very high witii the R-CMC-bound implants and 

35 uniformly distributed over the whole implant Some new bone was formed peripherally. In contrast, R-CMC- 
B-1 showed only littie cartilage and already lots of bone at 14 days. At 28 days R-CMC-bound explants still 
• contained cartilage. (The amount of cartilage and bone appeared to be about the same.) R-GMOB-1 
meanwhile, contained only traces of cartilage and well-developed bone witii fatty marrow cavities. All of the 
latter explants appeared to be larger than usually found. Histological observations were confirmed by 

40 biochemical data. Both materials showed high levels of alkaline phosphatase activity. The calcium content at 
28 days was very high in both materials (approximately 32 mg Ca/g wet tissue for R-CMC-bound and 
approximately 39 mg Ca/g wet tissue for R-CMOB-1). 

The claimed osteogenic material may be used as tiie active ingredient of osteogenic implant composi- 
tions for repairing, replacing, or augmenting bone tissue in living mammals, including man. Osteogenically 

45 effective amounts of the material will normally be formulated witii phamnacotogically and physiologically 
acceptable solid cam'ers such as BCP for implantation. The weight ratio of active protein to carrier will 
typically be in the range of 1:50 to 1:1000. The implants may be placed at a predetermined site in ttie 
patient by conventional surgical techniques. 

The claimed factor may also be useful for treating bone deficiencies, such as osteoporosis and 

50 osteopetrosis, systemically. For such treatment the proteins will be formulated in therapeutically effective 
amounts with injectable cam'ers and administered parenterally to tiie patient. 

Claims 



55 1 A partially purified bone-inducing factor OBTAINABLE BY: 

(a) treating demtneralized bone with a chaotropic extractant that solubilizes nonfibrous proteins; 

(b) subjecting the extract from step (a) to gel filtration to recover a fraction containing proteins of 
molecular weight 10.000-30.000; 
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(c) adsorbing th fraction from step (b) onto a carboxymethyl ceiiulose cation exchanger at 
approximately pH 4.5-5.5; and 

(d) eluting an active protein fraction from the cation exchanger with a sodium chloride gradient, the 
active protein fraction being eluted in the portion of the gradient from about 10 mM to about 150 mM 

5 in the presence of a nonionic chaotropic agent, for use as an agent for replacing, repairing or 

augmenting mammalian bone tissue. 

2. An osteogenic implant material, its active ingredient being a partially purified boneWnducing factor 
OBTAINABLE BY: 

70 (a) treating demineralized bone with a chaotropic extractant that solubilizes nonfibrous proteins; 

(b) subjecting the extract from step (a) to gel filtration to recover a fraction containing proteins of 
molecular weight 1 0.000-30,000; 

(c) adsorbing the fraction from step (b) onto a carboxymethyl cellulose cation exchanger at 
approximately pH 4.5-5.5; and 

75 (d) eluting an active protein fraction from the cation exchanger with a sodium chloride gradient, the 

active protein fraction being eluted in the portion of the gradient from about 10 mM to about 150 mM 
in the presence of a nonionic chaotropic agent 

Revendlcatlons 

20 

1. Facteur osteo-inducteur partiellement purifie obtenu par : 

(a) traitement d'os demineralise avec un solvant d'extraction chaotropique qui solubilise les proteines 
non fibreuses; 

(b) soumission de I'extrait de I'etape (a) a une filtration sur gel pour recuperer une fraction contenant 
25 des proteines de poids moleculaire de 10 000-30 000; 

(c) adsorption de la fraction de r^tape (b) sur un echangeur de cations de carboxym^thylcellulose k 
un pH d'approximativement 4,5-5,5; et 

(d) elution d'une fraction de prot^ine active k partir de r^changeur de cations avec un gradient de 
chlonire de sodium, la fraction de prot^ine active 4tant 6\u6e dans la partie du gradient allant 

30 d'environ 10 mM h environ 150 mM en presence d'un agent chaotropique non ionique pour une 

utilisation comme agent pour remplacer, r^parer ou augmenter ie tissu osseux de mammif&re . 

Mat^riau ost^ogfene d'implant. son ingredient actif 4tant un facteur ost^o-inducteur partiellement purifi§ 
obtenu par : 

(a) traitement d'os d^mineralis^ avec un solvant d'extraction chaotropique qui solubilise les proteines 
non tibreuses; 

(b) soumisslon de Textrait de I'^tape (a) h une filtration sur gel pour rdcuperer une fraction contenant 
des proteines de poids moleculaire de 10 000-30 000; 

(c) adsorption de la fraction de T^tape (b) sur un Echangeur de cations de carboxym^tiiyicellulose h 
un pH d'approximativement 4.5-5,5; et 

(d) elution d'une fraction de prot^ine active k partir de T^changeur de cations avec un gradient de 
chloaire de sodium, la fraction de protline active itanX eluee dans la partie du gradient allant 
d'environ 10 mM k environ 150 mM en presence d'un agent chaotropique non ionique. 

45 PatentansprUche 

1- Tellweise gerelnigter, Knochen-induzierender Faktor, erhSltlich durch: 

(a) Behandlung von entmineralisiertem Knochen mit einem chaotropen Extraktionsmittel, das nicht- 
fasrige Proteine solubiiisiert 

50 (b) Unterwerfen des Extraktes von Schritt (a) der Gelfiltration. urn eine Fraktion wiederzugewinnnen, 

die Proteine mit Molekulargewichten von 10000 bis 30000 enthMIt; 

(c) Adsorbieren der Fraktion von Schritt (b) an einen Carboxymetiiylzellulosekationentauscher bei 
etwa pH 4.5-5.5; und 

(d) Eluieren einer aktiven Proteinfraktion vom Kationentauscher mit einem Natriumchloridgradienten, 
65 wobei die aktive Proteinfraktion im B reich des Gradienten von etwa 10 mM bis etwa 150 mM in der 

Gegenwart eines nicht-ionischen chaotropen Agens eluiert wird. zum Einsatz als ein Agens zum 
Ersetzen, Reparieren od r Vermehren von Knochengewebe b i SSugetieren. 
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Osteogenes Implantatmaterial, wobei sein Wirkbestandteil ein teilweise gereinlgter Knochen-induzieren- 
der Faktor ist. der erhSItlich ist durch: 

(a) Behandlung von entminerallslertem Knochen mit einem chaotropen Extraktionsmitlel, das nlcht- 
fasrige Proteine solubiiisiert; 

(b) Unterwerfen des Extraktes von Schritt (a) der Gelfiltration, urn eine Fraktion wiederzugewinnnen, 
die Proteine mit dem Molelculargewicht 10000-30 000 entliMit; 

(c) Adsorbieren der Fraktion von Schritt (b) an einen Carboxymethylcellulosekationentauscher bei 
etwa pH 4,5-5,5, und 

(d) Eluieren einer aktiven Proteinfraktion vom Kationentauscher mit einem Natriumchloridgrandienten, 
wobei die aktive Proteinfraktion im Bereich des Gradienten von etwa 10 mM bis etwa 150 mlVI in 
Gegenwart eines niclit-ionischen chaotropen Agens eluiert wird. 



9 



EP 0 242 466 B1 



2.8- 




0 " 60 70 80 90 100 110 120 130 



FIGURE 1 




Fraction Number 

FIGURE 2 



10 



EP 0 242 466 B1 



c 



. I 

o 



I 

CD 
I 



s 
o 

M 



o 



UJ 

ZD 
H- 

o 



2 UJ 

o o 



< 
o 

o 

LJ 



o 
< 
< 

o 




11 



EP 0 242 466 Bl 



lL ^' 

o S 

rO — ' 
I 3 
CD O 

1 _J 
O LjJ 



Li. 

o 



o 
> < 

I- 2N 
O O 

< -o 
O 1^ 



O 
LJ 
CL 




12 



EP 0 242 466 B1 



FIGURE 4 



BCP/CIS/OFE RECOMBINATION PROCEDURE 



CMC-BOUND 

SOLUBIUZED IN .01 N HCL 
{ Img/ml ) 



BCP 

SUSPENDED IN Dl WATER 
STIRRED FOR 90 min. 
( lOOmg/ml ). A'C 

\ 

pH ADJUSTED TO 2.0 



CIS 

DILUTED TO 1.5mg/ml 
IN HCL pH 2 




COMBINATION IN 
A 1:15 RATIO 

INCUBATION . 
FOR 60 min. AT 4"»C 



COMBINATION IN A 9:1 RATIO 

I 

FURTHER INCUBATION AT 4°C FOR 90 min. 

I 

DIALYSIS VS DD WATER 

I 

LYOPHILISATION 



R - DBP 
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